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Some stated goals for the PM PA

1. Facilitate CASAC advice to the Agency and 
recommendations to the Administrator

2. Serve as a source of policy-relevant 
information

3. Be understandable to a broad audience
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Making the PA useful
• Policy relevance:  Summarize what is and what is not known 

about how changing exposure changes human health risks
– Evidence from intervention studies (e.g., Burns et al 2019)

• Characterize uncertainty, sensitivity, heterogeneity of causal C-R
– Systematic, transparent summary of all causally relevant evidence 

and plausible alternative interpretations
• Neutral information provider (“honest broker”) vs. advocacy roles
• Negative (e.g., Geven et al., Burns et al.) as well as positive evidence

• Broad understandability requires:
– Clear definitions of key terms and quantities (e.g., β) used to 

derive and communicate results
– Transparency in selecting, evaluating, interpreting, and 

summarizing/synthesizing studies 
• Explicit rules, systematically applied

– Explicit, checkable derivations of conclusions from data
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Key question for CASAC
• What does current sound scientific evidence imply for 

whether current NAAQS must be revised to protect 
human health with an adequate margin of safety? 
– Would a change produce desired results?

• Would it do more good than harm?
– How sure are we?  Why? 

• Explicit justification based on data, not opinion
– What uncertainties/sensitivities/research needs remain?  
– How should they be addressed?

• The CASAC’s answer should be based on sound science
– Goal:  Support conclusions with explicit justifications/ 

derivations based on relevant data, not opinion 
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What makes a scientific argument 
“sound”?

• Are stated conclusions implied by their premises?
– Premises = data + assumptions
– Assumptions should be explicitly stated

• Are the premises correct?
– Reproducible observations?
– Reproducible tests of assumptions?

• Should other data/evidence be considered?
• Are the conclusions policy-relevant?
• Are conclusions clearly stated and properly caveated?

– No over-generalization
– Dependence on ay untested assumptions made clear
– Sound quantitative uncertainty and sensitivity analyses
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Practical principles of sound science
• Clarity: Provide explicit, clear, operational definitions of all key terms 

used to communicate results.
– Give operational definitions for causal determination categories
– Does “Causal” mean that reducing exposure would reduce risk?  (By at least a 

certain amount, for at least some fraction of the population?)
• Transparency: Provide explicit, transparent, logically sound derivations 

of conclusions from data
– Judgment  ≠ derivation; association ≠ causation; assumption ≠ evidence

• Reproducibility : Report results of reproducible tests of predictions 
against observations (e.g., using formal hypothesis testing)  
– Test relevant null hypotheses (e.g., are health outcomes conditionally 

independent of exposure, given covariates in adjustment sets?)
• Objectivity: Follow explicit, systematic procedures for selecting and 

evaluating individual studies and deriving conclusions from them
– Report results of evaluations in transparent, systematic summaries.  
– Carefully qualify causal interpretations and conclusions to acknowledge and 

communicate remaining ambiguities, uncertainties, or conflicts in evidence
– Avoid over-generalizations and subjective interpretations 
– Discuss plausible alternative interpretations
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An unsound argument
• Observed association:  More heat stroke deaths occur on 

days when ice cream sales are high than on days when they 
are low.  
– β > 0  extra deaths per 10 oz increment of ice cream sold 

• Unsound causal inference:  Ice cream kills!  Each 10 oz 
increment of ice cream is linked to β > 0  extra deaths 

• Unsound policy implication:  To reduce mortality risk, we 
must reduce exposure to ice cream 
– Simulation model:  β premature deaths avoided per 10 oz 

reduction in ice cream 
– Empirical experience:  Reducing ice cream sales has not yet 

clearly reduced mortality rates.  
• Unsound interpretation: Low exposures to ice cream is even more 

dangerous than previously estimated (supralinear dose-response).
• Logical Problem: Association is not causation
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Logical unsoundness of argument is 
independent of specific content

• Observed association:  More deaths occur on days when 
PM2.5 concentrations are high than on days when they are 
low.  
– β > 0  extra deaths per 10 µg/m3 increment of PM2.5

• Unsound causal inference:  PM2.5 kills!  Each 10 µg/m3

increment of PM2.5 is linked to β > 0  extra deaths 
• Unsound policy implication:  To reduce mortality risk, we 

must reduce exposure to PM2.5
– Simulation model:  β premature deaths avoided per 10 µg/m3 

reduction in PM2.5
– Empirical experience:  Reducing PM2.5 has not yet clearly 

reduced mortality rates.  
• Unsound interpretation: Low exposures to PM2.5 is even more 

dangerous than previously estimated (supralinear dose-response).
• Logical Problem: Association is not causation.  (Really!)

8



Science and risk analysis questions
• How would simulated results in the PA change if the 

C-R functions were corrected for…
– Confounding? (E.g., daily high and low temperatures)
– Measurement errors & exposure estimation errors?
– Modeling biases, p-hacking?
– More recent and relevant literature?     

• What alternative underlying interpretations are 
consistent with the scientific evidence?  To what 
extent do they support alternative standards? 

• Taking into account the answers to the preceding 
questions, what does currently available scientific 
evidence show about whether and how much changes 
in current exposures would affect public health risks? 
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Science and risk analysis questions
• How would simulated results in the PA change if C-R 

functions were corrected for confounding?
– Daily high and low temperatures 

• Lags 0-30 days (empirically determined)
– Socioeconomic variables
– Others?

• Answers should be clear and explicit in PA
– Not implicit in assumptions and interpretations of β

• Answers are not given in the Draft PA
– None of the 8 key studies that drive simulated results 

includes daily high and low temperatures 
– Some collected the data, but then averaged it
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Science and risk analysis questions

• How would simulated results in the PA 
change if C-R functions were corrected for 
exposure estimation errors?

– To what extent are effects associated with high 
concentrations attributed to lower 
concentrations?

– How much wider would confidence intervals be if 
exposure estimation error were included?

– Cox PH model requires adjustment for covariate 
measurement errors.  These were not made.
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Science and risk analysis questions

• How would simulated results in the PA 
change if C-R functions were corrected for 
modeling biases and p-hacking?

– Regression diagnostics omitted
– Model uncertainty omitted → confidence 

intervals too narrow
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Science and risk analysis questions

• How would simulated results in the PA 
change if C-R functions were revised to 
include more recent and relevant literature?

– Intervention and accountability studies
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Omitted evidence:
Henneman et al. (2017)

• “Multiple studies in the accountability field have found 
it difficult to attribute significant improvements in air 
quality or public health attributable to air quality 
regulations … This difficulty [is] particularly prevalent in 
studies that diligently control for multiple 
confounders across domains (location, time, etc.)” 

• “…Often, one study will assess a regulatory action and 
determine that the intervention led to a statistically 
significant change in the response of interest… Later, 
using additional data, updated methods, and/or 
accounting for additional factors, those results are 
found to be less definitive and potentially invalid” 
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Omitted evidence: 
Burns et al. (2019)

• “It was difficult to derive overall conclusions regarding 
the effectiveness of interventions in terms of improved 
air quality or health. 

• Most included studies observed either no significant 
association in either direction or an association 
favouring the intervention, with little evidence that the 
assessed interventions might be harmful.

• The evidence base highlights the challenges related to 
establishing a causal relationship between specific air 
pollution interventions and outcomes.”

• Contrast with PA, p. 3-7:  “…Evidence was sufficient to 
conclude a causal relationship exists between PM2.5 
exposures and mortality and cardiovascular effects 
(i.e., for both long- and short-term exposures)”
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Omitted caveats

• “This sort of study can provide useful 
estimates, but the figures are only based on 
theoretical models. In particular, although 
particles of pollution have been associated 
with premature mortality in other studies, a 
definitive causative link has not yet been 
demonstrated.” 
www.nhs.uk/news/2012/04april/Pages/air-
pollution-exhaust-death-estimates.aspx
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Challenge for CASAC deliberation

• Given that 
– Absence of evidence is not necessarily evidence of 

absence 
• but it may imply upper bounds on plausible effects sizes

– “Associations are not effects” (Pettiti 1991)
– Correlation is not causation 

• What can we conclude and justify via explicit 
sound science derivations about how changes in 
PM2.5 affect human health risks?
– What have effects of past interventions been?
– What effects should potential alternative future 

interventions be expected to have?  How certain? 
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8 key studies, overlapping coauthors.
All address association, not causation.
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Temperature?  Measurement error? 
Regression diagnostics?
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Incomplete control for confounding
• “We examined potential confounding by elevation, 

metropolitan statistical area size, annual average daily 
maximum air temperature, and 1980 percentage of air 
conditioning… We used Cox proportional hazards 
regression models to examine associations between 
mean O3 (2002–2004), PM2.5 (1999–2004), and NO2 
(2006) concentrations and all-cause and cause specific 
mortality.” (Turner et al. 2016)
– Residual confounding

• Monthly and weekly average daily high (and low) temperatures?
– Omitted confounders

• Daily low temperatures?
• Lagged daily high and low temperatures?
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Temperature?  Measurement error? 
Regression diagnostics?
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Thurston et al. 2016
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“Figure 2 graphically 
demonstrates, for the time-
independent model, the 
monotonically rising nature of 
the concentration–response 
curve for both all-cause and CVD 
mortality (vs. a referent HR = 1.0 
at the mean level of exposure).”  

Red horizontal line added at HR = 
1.0 for comparison

“Monotonically rising” segment 
(not significant) starts at about 
18 µg/m3
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PA:  Simulate assuming monotonic 
increase at all exposure concentrations
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Di et al. (2017)
• “Annual averages [of PM2.5 and O3] were estimated 

according to the ZIP Code of residence for each enrollee. 
…For each calendar year during which a person was at 
risk of death, we assigned to that person a value for the 
annual average PM2.5 concentration, a value for average 
ozone level during the warm season (April 1 through 
September 30), and values for annual average 
temperature and humidity according to the ZIP Code of 
the person’s residence.”

• Residual confounding? 
– Daily high and low temperatures and PM2.5 levels?

• Correction for measurement error? 
• Regression diagnostics?
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Draft PA: Ignore negative effects and 
heterogeneity  
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Ito, Ross, Zhou, Nádas, Lippman, 
Thurston (HEI Report 177)

• HEI Review Panel Comments:  “The Review Panel appreciated the 
need to simplify but was disappointed that other approaches were 
not considered. Because of the large numbers of associations 
estimated, 5% of the results would be expected to be significant by 
chance alone; that is, false positive or false negative associations. If 
we add to this the percentage of false positive and negative 
associations that may be expected as a result of biases, it is clear 
that chance or bias may be a possible explanation for any 
significant association reported here. Compounding these issues is 
the fact that the investigators made little note of statistically 
significant associations that were negative while focusing on the 
statistically significant positive associations. The investigators’ 
explanation that weekly patterns may produce the inverse 
associations observed for pollution at 1-day lag is not convincing 
and could indicate a problem with the statistical model or with the 
sparse data…”
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Draft PA: Use a positive beta
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Temperature?  Measurement error? 
Regression diagnostics?

• Zanobetti et al.:  “We 
applied a conditional logistic 
regression controlling for 
day of the week and 
weather. To control for the 
potential confounding by 
weather, we included into 
the regression model 
average temperature for the 
same and previous day.”
– Daily high/low temperatures?
– Lags > 1 day?
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Common methodological limitations of 
the 8 selected key studies

• Incomplete control for confounding (e.g., temp.)
• Exposure estimation errors ignored

– Distorts estimated C-R function, obscures thresholds 
• Modeling biases not quantified

– No regression diagnostics
• Association studies, not designed or analyzed to 

permit valid causal inferences
• Conclusion:  It is not sound science to use 

associations from these studies to simulate or 
predict effects on health risks of changing PM2.5.
– β coefficients in Table C-1 are not valid for this use
– See comments from external consultants
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Predictive validity is essential for 
sound science

• Main gap in PM2.5 PA now 
is providing sound, reliable, 
validated information about 
how interventions that 
reduce PM2.5 affect public 
health risks

• In the short run, this gap 
might be closed by 
considering recent evidence 
from intervention studies 
(e.g., Burns 2019)

• Longer run:  Develop, 
validate, and apply 
predictive causal models
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Creating a sound science basis for policy
Goal Recommended steps to achieve (30 days) (red = essential)

Serve as a source of 
scientifically sound policy-
relevant information

• Address effects caused by interventions
• Correct for confounding, measurement error, and model 

uncertainty
• Candidly discuss alternative interpretations of evidence 

(similar to HEI Review Panel discussions)
• Discuss negative as well as positive results
• Quantify remaining uncertainties and sensitivities
• Restrain overconfidence, confirmation bias
• Longer term: Base simulations on validated causal models

Be understandable to a 
broad audience

• Clearly define all key terms and quantities used to 
communicate results (e.g., does “Causal” imply that 
reducing exposure reduces risk?)

• Stop conflating association and causation

Facilitate CASAC advice 
and recommendations

• Consider more of the relevant literature
• Longer term: Test causal hypotheses and report the results

o Is risk conditionally independent of exposure after 
conditioning on appropriate adjustment sets?
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Questions for the CASAC

• Immediate: What scientifically valid conclusions 
can be drawn now (and justified/explicitly derived 
from data) about how future changes in PM2.5 
would change public health risks?

• What relevant data should/must be considered, 
beyond the 8 key association studies in the Draft 
ISA/PA?
– Greven et al. 2011, Pun et al. 2017, Henneman et al. 

2017, Burns et al. 2019, others in Public Comments?
– Others?
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Questions for the CASAC
• Risk communication

– What can we say now about policy-relevant implications of 
data without over- or under-stating what is known?

– What alternative interpretations should be considered?
– How should uncertainty best be characterized (quantitatively 

and accurately)?
• Research needs

– Correcting for confounding, exposure estimation errors, 
model uncertainty, etc.

– How should valid causal simulation models be built, 
validated, and applied while characterizing remaining 
uncertainties?  (Drs. Aliferis and North comments)

– What other data (if any) should be collected?
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